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Differentiating primary and metastatic hepatic malignancies can 
be diagnostically challenging in fine-needle aspiration cytology 
(FNAC). We compared four immunohistochemical (IHC) markers, 
pCE*\, CDIO, HepParl, and CD34, in differentiating hepatocel- 
lular carcinoma (HCC) from metastatic carcinoma (MC) in FNAC 
specimens. Sixty cases of liver FNAC with their corresponding cell 
blocks were retrieved from the hospital computer system, including 
30 HCC and 30 MC (15 colon, 10 breast, and 5 pancreas). The 
diagnoses were confirmed by clinical follow-up and surgical re- 
section or core needle biopsy. The direct cytologic smears were 
air-dried and Diff-Quik- stained, and alcohol-fixed and Papanico- 
laou-stained. Cell block sections from the aspirates were immu- 
nostained for pCEA, CDIO, HepParl, and CD34. IHC on cyto- 
logic smears for HCC was performed on 10 cases and compared 
with the cell block results. In HCC, CDIO, and pCEA demon- 
strated the characteristic canalicular staining in 23/30 (77%) and 
24/30 (80%) of the cases, respectively; however, none of the MC 
showed a canalicular staining pattern. HepParl was positive in 
26/30 (87%) of the HCC cases and one MC. CD34 stained sinu- 
soidal endothelial cells in 27/30 (90%) cases of HCC and six MC. 
Our results demonstrate that the canalicular staining pattern for 
CDIO and sinusoidal staining pattern of CD 34 are very specific, in 
addition to the high specificity and sensitivity of HepParl for 
HCC. Cell blocks were more informative in demonstrating the 
characteristic architecture and immunostaining pattern of the ma- 
lignancy than the cytologic smears. An IHC panel consisting of 
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Although hepatocellular carcinoma (HCC) is the most com- 
mon primary hepatic malignancy in adults, metastatic neo- 
plasms constitute the majority of hepatic cancer. 1 With 
advancements in current imaging techniques, fine-needle 
aspiration cytology (FNAC) of hepatic lesions has become 
more popular and an accurate diagnosis can often be ren- 
dered. However, application of immunohistochemistry 
(IHC) can often be helpful in the separation of primary and 
metastatic malignancies of the liver, since a variety of 
histologic patterns and overlapping morphologic features 
can be seen in HCC and metastatic malignancies. 2-6 More- 
over, the treatment and prognosis of HCC and metastatic 
carcinoma (MC) are significantly different and the ability to 
distinguish primary from metastatic malignancy is clinically 
important. 7 

Many markers have been suggested to differentiate HCC 
from MC with various specificities and sensitivities. Alpha- 
fetoprotein (AFP), a commonly used marker for HCC dif- 
ferentiation, is relatively specific for HCC, but has a low 
sensitivity, ranging from 17-71%. 8 -" Recently, hepatocyte 
paraffin- 1 (HepParl) has been reported to be a highly spe- 
cific marker for hepatocytic differentiation with a very high 
sensitivity, approaching 909c. 7 - 8 Neprilysin (CD10) and 
polyclonal antibody against carcinoembryonic antigen 
(pCEA) can help distinguish HCC from MC, based on the 
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Table I. Characteristics of antibodies used in the study 



Antibody 



Clone 



Pretreatment 



Dilution 



PCEA 
CD10 
HepParl 
CD34 



Polyclonal 
56c6 
OCH1E5 
QBend-10 



None 
Steamer* 
Steamer* 
Steamer* 



1:400 
Neat 
1:50 
Neat 



Ab. incubation 



RT = room temperature; memb. = membrane; Ab. = antibody; Neat = without dilution 
*In citrate buffer. 



32 min/40°C 
32 min/40°C 
1 hr/RT 
32 min/40°C 



Localization 



Canalicular 
Canalicular 
Cytoplasmic 
Sinsoids 



Source 



Dako 
Ventana 
Dako 
Ventana 



characteristic canalicular staining pattern of HCC and the 
diffuse cytoplasmic staining pattern of some MC. 12 -' 5 Be- 
nign hepatic sinusoids are different from other small blood 
vessels, since they do not express endothelial cell markers 
such as Ulex europaeus binding, von-Willebrand factor 
(vWF), or CD34.^.i7 i n HCC, however, the sinusoidal cells 
undergo a process of "capillarization," where they show loss 
of the fenestrae, deposition of basement membrane, and 
express diffuse staining for CD34. 18 This feature has been 
reported as useful in distinguishing benign from malignant 
primary hepatocytic neoplasms in cytologic specimens. 19 

In this study, we compare the sensitivity and specificity of 
the immunohistochemical (IHC) markers pCEA, CD 10, 
HepParl, and CD34 in differentiating HCC from MC in 
FNAC specimens. 

Materials and Methods 

Case Selection 

FNAC of 30 cases of HCC and 30 cases of metastatic 
malignancies to the liver with adequate cell-block material 
were retrieved from the archives of the Allegheny General 
Hospital during the period between January 1998 and July 
2002. The study was approved by the Institutional Review 
Board. All FNA biopsies were performed using radiologic 
guidance. A cytopathologist was present at the FNA proce- 
dure to assess the adequacy of the sample, give a prelimi- 
nary diagnosis, and prepare the aspirated material. Cell 
blocks were fixed in Hank's solution and paraffin-embed- 
ded. The cytologic smears were divided into two parts: 
air-dried, Diff-Quik-stained and alcohol-fixed, Papanico- 
laou-stained smears. Two hematoxylin and eosin (H&E)- 
stained sections from cell blocks were prepared and evalu- 
ated to assure adequacy for IHC studies. Thin core biopsies 
were performed on 25 patients (15 HCC and 10 MC) at the 
time of the FNA using an 18-gauge needle and were fixed in 
formalin, paraffin -embedded, and stained with H&E. The 
original diagnosis was confirmed on the basis of clinical 
follow-up including serum a-fetoprotein, imaging findings, 
and tumor resection in 20 cases or core needle biopsies in 25 
cases. IHC was formed on 10 alcohol-fixed cytologic 
smears of HCC for comparison with the cell block results. 



Antibodies 

Table I details the characteristics, pretreatments, dilutions, 
incubation periods, localizations, and sources of the four 
antibodies used in the study. 

Immunohistochemistry 

Multiple 4-u.m-thick sections from the paraffin-embedded 
cell blocks were used for IHC studies. The sections were 
mounted on coated slides and dried for 1 hr at 60°C. For 
IHC studies, the sections were deparaffinized in xylene and 
rehydrated in a descending ethanol series. Antigen expres- 
sion was enhanced by heat treatment of sections in a 
steamer with citrate buffer for CD 10, HepParl, and CD34. 
Pretreatment was not done for pCEA and the IHC studies 
performed on the alcohol-fixed cvtoJn^v sm^arc 

-< oj 

After preincubation with 1% bovine serum albumin 
(Sigma, St. Louis, MO)/TBS for 5 min, the primary anti- 
bodies were applied at appropriate dilutions for time periods 
and temperatures as indicated in Table I. After washing in 
TBS, the slides were subsequently processed by the Ventana 
(Tucson, AZ) autostainer. 

Microscopic Evaluation 

Three observers (RSS, TML, YL) blindly assessed the im- 
munostaining without knowledge of the previous clinical, 
radiologic, or histopathologic diagnoses and the staining 
was recorded as positive or negative. The distribution pat- 
tern of reactivity for pCEA and CD 10 was recorded as 
canalicular, membranous, and/or cytoplasmic. Only cana- 
licular staining for pCEA and CD 10 was considered specific 
for HCC. For HepParl, positivity was defined as an un- 
equivocally positive coarsely granular cytoplasmic staining 
that could not be confused with background staining or 
endogenous peroxidase staining. CD34 staining of the en- 
dothelial cells rimming the tumor cell groups in HCC was 
considered positive and indicative of hepatocytic differen- - 
tiation. After the cases were evaluated the diagnoses were 
revealed and staining patterns of the various tumors com- 
pared. Statistical analysis was performed to determine the 
sensitivity and specificity of each IHC marker for differen- 
tiating HCC from MC. 
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Table II. Immunohistochemical data and statistics 





HCC (30 


MC(30 










cases) 


cases) 










No. 


% 


No. 


% 


Sensitivity 


Specificity 


PPV 


PCEAcan 


24 


80% 


0 


0% 


80% 


100% 


100% 


CDlOcan 


23 


77% 


0 


0% 


77% 


100% 


100% 


HepParl 


26 


87% 


1 


4% 


87% 


97% 


96% 


CD34 


27 


90% 


6 


20% 


90% 


80% 


82% 



pCEAcan = canalicular staining pattern with pCEA; CDIOcan = canalic- 
ular staining pattern with CD 10. 



Results 

The FNC diagnosis was confirmed by clinical follow-up 
data, including AFP and radiographic imaging, with tumor 
resection in 20 cases or core needle biopsy in 25 cases. 
Table II details the results, including sensitivity, specificity, 
and positive predictive values of the different immunohis- 
tochemical stains. 

pCEA and CD 10 

Of the 30 cases of HCC, a canalicular pattern was demon- 
strated in 23/30 (77%) with CD10 and 24/30 (80%) using 
pCEA. The canalicular stains in well-differentiated HCC 
showed a long branching and zigzag linear pattern, whereas 
in poorly differentiated HCC the stain was a thick, short line 
or sometimes dot-like (Fig. C-1A,B). Membranous staining 
was demonstrated in 9/30 (30%) with CD 10 and 13/30 
(43%) using pCEA, while cytoplasmic staining was seen in 
6/30 (20%) with CD 10 and 16/30 (53%) with pCEA. No 
canalicular immunostaining pattern was detected in any 
case of MC for either CD 10 or pCEA. Three cases of HCC 
showed very strong membranous staining for pCEA, which 
compromised the evaluation (Fig. C-2A). In these three 
cases, CD 10 was helpful in confirming a canalicular stain- 
ing pattern (Fig. C-2B). One HCC case was negative for 
pCEA, but positive for CD10 (Fig. C-3A,B). In MC, mem- 
branous and cytoplasmic immunostaining was detected in 
9/30.(30%) and 12/30 (40%) with CD 10, and 17/30 (57%) 
and 27/30 (90%) with pCEA, respectively. The sensitivity 
and specificity were 77% and 100% for CD 10 and 80% and 
100% for pCEA, respectively, for HCC. 

HepParl 

Using the HepParl antibody, 26/30 (87%) of HCC exhib- 
ited immunoreactivity in at least 10% of tumor cells (Fig. 
C-4A,B). Poorly differentiated HCC demonstrated less 
staining than well-differentiated HCC. Benign-appearing 
hepatocytes demonstrated uniform HepParl expression and 
were helpful as an internal positive control. In comparison, 
29/30 (96%) of MC exhibited no immunoreactivity with 
HepParl. Only one case (4%) of metastatic colon cancer 
showed focal immunoreactivity with HepParl, staining less 
than 10% of malignant cells. Therefore, the sensitivity of 
HepParl for HCC was 87%, and specificity was 97%. 



HEPPAR-1, PCEA, CD 10, AND CD34 EXPRESSION 

CD34 

For CD34, 27/30 of HCC (90%) showed diffuse endothelial 
staining, while 21/30 (70%) demonstrated the characteristic 
diffuse staining pattern of endothelial cells rimming around 
the tumor cell aggregates, in both the cell blocks and core 
biopsies (Fig. C-5A,B). In normal liver tissue, CD34 was 
negative or only focally positive. Therefore, only diffuse 
CD34 staining was considered a positive. The grade of HCC 
did not appear to correlate with the CD34 score. CD34 
stained three cases of poorly differentiated HCC, which 
were negative for CD 10 and pCEA (two cases) and for 
HepParl (one case). In MC, diffuse endothelial CD34 stain- 
ing was identified in 6/30 (20%) cases. However, these 
cases showed diffuse staining of endothelial cells in tumor 
tissue, without showing the characteristic rimming pattern 
around the tumor cell aggregates. The sensitivity and spec- 
ificity of diffuse CD34 staining for HCC was 90% and 80%, 
respectively. The positive predictive value of CD34 for 
HCC was 82%. 

In cytology smears, we examined the staining pattern of 
all four antibodies performed on 10 smears. The canalicular 
pattern was difficult to interpret, but careful searching iden- 
tified canalicular staining in 5/10 with CD10 and 6/10 with 
pCEA. We found that HepParl and CD34 staining to be 
much easier to interpret in smears, with 9 of 10. smears of 
HCC cases staining positively with HepParl and 8 of 10 
with CD34. 

Discussion 

Distinguishing HCC from MC in FNAC of liver lesions can 
occasionally be a diagnostic challenge. In this study we 
compared the sensitivity and specificity of four available 
IHC markers, pCEA, CD 10, HepParl, and CD34, in distin- 
guishing HCC from MC in FNAC specimens. We retrieved 
60 cases (30 HCC and 30 MC) with diagnostic material on 
the cell blocks along with clinical and/or histologic 
confirmation. 

pCEA is a polyclonal antibody that cross-reacts with the 
biliary glycoprotein 1 along the bile canalicular space. 20 In 
our study, pCEA stained 24/30 (80%) cases of HCC with a 
canalicular pattern. Membranous and cytoplasmic staining 
was also seen in HCC, but was not specific, since 12/30 
(57%) and 27/30 (90%) cases of MC also demonstrated a 
cytoplasmic/membranous staining pattern, respectively. 
Therefore, a canalicular staining pattern of immunoreactiv- 
ity was highly indicative of HCC because this pattern was 
not identified in any of the MC. Previous investigations 
have reported a canalicular staining pattern for pCEA in 
24-90% of HCC cases, which is dependent on the number 
of poorly differentiated HCC cases included in the studies, 
since canalicular staining is less common in poorly differ- 
entiated HCC.' 2 - 20 - 24 

CD 10, a 100-kd cell surface glycoprotein, is a type II 
integral membrane protein known as neutral endopepti- 
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Figures C-l-C-5. 



dase, 25 26 W hich participates in the postsecretory processing 
of neuropeptides and peptide hormones. CD 10 was origi- 
nally identified on cells of acute lymphoblastic leukemia, 
and thus named common acute lymphoblastic leukemia 
antigen (CALLA).* 5 Recent studies showed that CD 10 is 
also expressed by a variety of nonhematopoietic neoplasms 
such as carcinomas of the liver, pancreas, kidney, bladder, 
prostate, and uterus. 15 - 27 * 28 

Chu et al. 23 first noted that CD10 stained normal liver 
tissue and HCC in a canalicular pattern similar to that of 
pCEA. Our study showed that, although the specificity is 
100%, the sensitivity of CD 10 in HCC is only about 77%, 
which is similar to that of pCEA (80%). In our series, both 
HCC and MC also expressed CD 10 in the cytoplasm and/or 
cell membrane, but to a lesser degree than pCEA. However, 
only nonneoplastic liver tissue and HCCs showed the char- 
acteristic canalicular staining pattern, which is similar to the 
one observed with pCEA. In our study, the canalicular 
staining in well-differentiated HCC showed a long branch- 
ing and zigzag linear pattern, whereas in poorly differenti- 
ated HCC the staining was either thick, short line, or some- 
times dot-like. It has been suggested that CD 10 is a more 
specific marker, since it specifically stains bile duct glyco- 
protein but does not react with other antigens in the CEA 
family. 22 

The characteristic canalicular staining of pCEA and 
CD 10 has been regarded as the most useful of all positive 
findings in distinguishing HCC from MC. However, in 
some cases the pCEA canalicular staining pattern may be 
difficult to interpret. In the current study we found mem- - 
branous staining for CD10 and pCEA in 30% and 43% of 
HCC, respectively. When the membrane staining is very v 
strong, it can mask canalicular staining. In our study, three: 
cases of HCC showed strong membranous staining for 
pCEA, which compromised the evaluation for canalicular 
staining. However, CD10 was helpful in these cases in 
confirming the canalicular pattern of staining since there 
was no cytoplasmic/membranous staining present. Also, 
incomplete membranous staining of MC may mimic the 
canalicular staining seen in HCC. However, none of our MC 
cases showed this incomplete membranous pattern, al- 



Fig. C-1. A; Well-differentiated HCC showing the branching canalicular 
staining pattern for CD10. B: Poorly differentiated HCC with short line or 
dot-like canalicular staining pattern with CD10. (IHC, A: X400' B: X250 ) 
£ g ^ 2 ' , A: Str ° ng membranous staining pattern of HCC with pCEA can 
be difficult to interpret. B: However, CD10 showed the characteristic 
canalicular staining for the same case. (IHC, X400.) 
Fig. CO. A,B: HCC negative for pCEA and positive for CD10 with the 
characteristic canalicular staining pattern (IHC X400) 

3ft S££f aHC C X W 400) StrOnS 8ranUlar Cy, ° PlaSmiC ^—activity 
C : 5 - A ' B: f Two different cases of HCC showed the characteristic 
strong diffuse of sinusoidal endothelial rimming stainina pattern for CD34 
This feature is important to differentiate HCC from benign hepatic lesion 
and metastatic carcinoma. (IHC, A: x250; B: X400.) 
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though it has been reported for pCEA. 14 In contrast, mem- 
branous staining of MC and HCC with CD 10 is less com- 
mon and less intense. Therefore, CD 10 can be helpful in 
cases with equivocal canalicular-membranous staining with 
pCEA and in cases with negative staining. 23 

In 1993, Wennerberg et al. 30 developed a new monoclo- 
nal antibody called hepatocyte paraffin- 1 (HepParl). These 
investigators injected mice with tissue from failed liver 
allograft to develop a single clone (OCH1E5.2.10) isolated 
from myeloma hybridomas that can recognize mitochon- 
drial antigen of hepatocytes, 30 - 31 HepParl reacts with both 
normal and neoplastic hepatocytes in routine formalin- 
fixed, paraffin-embedded material, producing distinct gran- 
ular cytoplasmic staining of hepatocytes. 

In our study, HepParl exhibited comparable sensitivity to 
pCEA and CD 10 for staining HCC. The previously reported 
sensitivity of HepParl in classic HCC is 90%, 3 °- 33 which is 
similar to our results (87%). In one study, poorly differen- 
tiated HCC and HCC with a compact growth pattern 
showed immunoreactivity in more than 80% of cases for 
HepParl, which is comparable with the upper limit of 
sensitivity of pCEA and higher than that of AFP. 8 - 11 Our 
study showed that HepParl did not stain most metastases 
from the colon, breast, or pancreatic sites (with one excep- 
tion). Also, a recent study showed that HepParl did not 
stain metastatic squamous cell, neuroendocrine, or transi- 
tional cell carcinoma. 23 However, HepParl can occasionally 
stain the cytoplasm of MC involving the liver. 34 - 35 Both 
primary gastric and esophageal adenocarcinomas and their 
metastatic lesions to the liver can demonstrate HepParl 
reactivity in a high percentage (70-75%). 35 - 36 Recently, 
HepParl immunoreactivity was also detected in urinary 
bladder, pulmonary, colonic, adrenal cortical, yolk sac tu- 
mor, ovarian, and endocervical adenocarcinomas. 36 - 37 
Therefore, this finding may potentially have diagnostic im- 
plications, since the demonstration of HepParl reactivity in 
cell blocks from an FNAC of a hepatic neoplasm should not 
be unequivocally considered evidence of HCC, but rather 
should be evaluated in the appropriate clinical setting. 35 

There have been several histologic studies examining the 
utility of vascular markers (especially CD34) in making a 
distinction between benign hepatic lesions and HCC. These 
studies found that HCC showed diffuse positivity for CD34 
in sinusoidal vessels, while sinusoids in benign lesions were 
negative. 38 " 42 This process of sinusoidal capillarization has 
been reported in most HCC. 43 - 44 However, some HCC did 
not stain with CD34, while other benign or dysplastic le- 
sions showed periportal and periseptal staining. 16 42 There- 
fore, in FNAC, positive staining can be seen in some benign 
lesions, particularly if the sample contains periportal 
and periseptal tissue. There have been few previous FNA 
studies of CD34 staining of liver lesions using cell block 
material. j9 ' 42 - 43 These studies showed that HCC showed 
more diffuse and stronger staining than benign lesions and 



concluded that CD34 staining can aid in distinguishing 
HCC from benign hepatic lesions in FNAC of the liver. Our 
study showed that strong and diffuse CD34 staining in 
either cell block or core biopsy supports a diagnosis of 
HCC. However, positive staining is not specific, since six 
cases of MC also showed diffuse staining. However, endo- 
thelial rimming staining around the border of tumor aggre- 
gates, seen in 70% of HCC, was very specific, since it was 
not seen in MC. 

All four IHC markers evaluated in our study are prone to 
sampling variations. An HCC having moderately and poorly 
differentiated areas may give IHC results that vary, depend- 
ing on the area sampled. Thus, to reduce sampling variation 
one should consider using a panel of IHC markers. By 
comparing the staining patterns of pCEA, CD10, HepParl, 
and CD34, we were able to show that no HCC was negative 
for all four IHC markers. A combination of pCEA, CD 10, 
HepParl, and CD34 was diagnostic in 100% of HCC. 

In conclusion, we recommend an IHC panel of HepParl, 
pCEA, CD 10, and CD34 be utilized for the diagnosis of 
HCC to increase diagnostic accuracy. Accordingly, it is 
important to obtain a cell block or core biopsy on all FNA 
cases in which the preliminary interpretation raises the 
possibility of a differential diagnosis of HCC vs. MC. In 
cases in which a cell block is not available, markers such as 
HepParl and CD34 can still be done on cytology smears. 
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